Interferon consensus sequence-binding protein (ICSBP) is a transcription factor induced by interferon gamma (IFN-c) and a member of the interferon regulatory factor (IRF) family. ICSBP is predominantly expressed in hematopoietic cells and regulates the immune response and cell growth and differentiation. However, little is known about its function in non-hematopoietic cells. Here we show a novel function for ICSBP in epithelial-to-mesenchymal transition (EMT)-like phenomena (ELP), cell motility, and invasion in human osteosarcoma cell lines, including U2OS cells. IFN-c treatment induced ICSBP expression and EMT-like morphological change in U2OS cells, which were suppressed by ICSBP knockdown. To further investigate the role of ICSBP in ELP, we established a stable U2OS cell line that overexpresses ICSBP. ICSBP expression caused U2OS cells to have a more elongated shape and an increased vimentin and fibronectin expression. ICSBP expression also promoted adhesiveness, motility, and invasiveness of U2OS cells. ICSBP upregulated transforming growth factor (TGF)-b receptors and activated TGF-b signaling cascades, which were responsible for ELP as well as increased cell motility and invasion. In addition, ICSBP-induced TGF-b receptor activation resulted in the upregulation of Snail. Knockdown of Snail attenuated the ICSBP-induced augmentation of cell motility and invasion. Upregulation of Snail, ELP, and increased invasion by ICSBP expression were also observed in other osteosarcoma cell lines, such as Saos-2 and 143B. Furthermore, ICSBP and TGF-b receptor I were expressed in 45/54 (84%) and 47/54 (87%) of human osteosarcoma tissues, respectively, and showed significant correlation (r ¼ 0.47, P ¼ 0.0007) with respect to their expression levels. Taken altogether, these data demonstrate a novel function for ICSBP in ELP, cell motility, and invasion through the TGF-b and Snail signaling pathways. 1 EMT is also involved in pathogenesis, such as organ fibrosis and cancer metastasis.
myeloid and B-cell differentiation. 9 ICSBP-deficient mice (ICSBP À / À ) develop a disease resembling human chronic myeloid leukemia. 10 In addition, myeloid cells derived from ICSBP À / À mice show an increased resistance to apoptosis, whereas ICSBP overexpression in human U937 monocytic cells renders them sensitive to apoptosis. 11 Most studies have focused on the role of ICSBP in hematopoietic cells. A recent report demonstrated ICSBP downregulation in non-hematopoietic tumors, including nasopharyngeal, esophageal, and multiple other carcinomas, 12 suggesting that ICSBP may function as a tumor suppressor in various tumors. In addition to its tumor-suppressive effects, we recently demonstrated that ICSBP expression enhances cell proliferation via TGF-b receptor-TAK (TGF-b-activated kinase) signaling pathways in leukemic HL-60 cells. 13 Therefore, it is possible that ICSBP may not function entirely as a tumor suppressor and its effect on cell growth may differ depending on cellular context.
In addition to a growth regulatory role of ICSBP, ICSBP deficiency is associated with cell spreading and adhesiveness in macrophages. 14 ICSBP repression has been observed in the metastatic colon cancer cells but not in primary cancer cells. 15 On the other hand, a mixture of interleukin-1b (IL-1b), tumor necrosis factor-a (TNF-a), and IFN-g augments EMT and cell migration through enhanced TGF-b signaling in A549 lung epithelial carcinoma. 16 These data indicate that ICSBP functions as either a positive or a negative regulator in tumor metastasis depending on cell types.
In the present study, we investigated a possible role for ICSBP in EMT-like phenomena (ELP) induction and cell motility in U2OS osteosarcoma cells as well as a possible mechanism underlying this process. We demonstrated that ICSBP expression in U2OS cells induces more elongated cell shape with less cell-cell contact. ICSBP also enhances cell motility and invasion through Snail expression mediated by the activation of TGF-b receptor. These data provide evidence for a novel ICSBP function in the acquisition of a phenotype related to metastasis in osteosarcoma cells.
Results

IFN-c induces ICSBP expression, which results in ELP in U2OS cells.
To test whether IFN-g induces ICSBP in osteosarcoma cells, U2OS cells were treated with IFN-g. ICSBP protein was detected in the absence of IFN-g, and it was upregulated in a dose-dependent manner with IFN-g treatment ( Figure 1a ). Phosphorylated signal transducers and activators of transcription 1 (pSTAT1) was also increased dose-dependently with IFN-g treatment, which suggests that IFN-g treatment activated Janus kinase/STAT1/ICSBP pathway in U2OS cells. 9 Interestingly, IFN-g treatment caused EMT-like cell morphology with decreased cell-cell contact and more elongated cell shape (Figure 1b ). In addition, IFN-g altered the expression levels of EMT molecules: ZO-1 was decreased while fibronectin and vimentin were increased by IFN-g treatment (Figure 1c) . Transfection of U2OS cells with small interfering RNA (siRNA) specific for ICSBP (si-ICSBP) knocked down ICSBP expression in the IFN-g-treated cells with no change in pSTAT1 level, indicating that STAT1 is upstream of ICSBP (Figure 1d ), and knockdown of ICSBP inhibited the morphological changes induced by IFN-g ( Figure 1e ). To test whether IFN-g treatment stimulates cell motility, we performed a wound-healing assay. IFN-g treatment enhanced cell motility, which was blocked by ICSBP knockdown (Figure 1f ). These data indicate that ICSBP is induced by IFN-g in U2OS cells and its expression is linked to morphological changes seen in EMT and enhanced cell motility, which we named ELP.
ICSBP overexpression enhances TGF-b signaling and induces ELP in U2OS cells. To further investigate the association of ICSBP with cell morphological changes and enhanced motility, we established a U2OS cell line overexpressing human ICSBP (ICSBP cells). Because ICSBP construct contained V5 tag, anti-ICSBP antibody detected both endogenous and exogenous ICSBP (lower and upper ICSBP band, respectively, in the ICSBP cells) (Figure 2a, right panel) , while anti-V5 antibody detected only exogenous ICSBP (Figure 2a , left panel). We also found that ICSBP was localized in the nucleus ( Figure 2b ). Next, we examined the effect of ICSBP expression on cell morphology and on the levels of EMT-related proteins. As expected, ICSBP expression induced a morphological change with more elongated shape ( Figure 2c ) and decreased ZO-1 and E-cadherin but increased vimentin and fibronectin levels ( Figure 2d ). Moreover, ZO-1 and E-cadherin levels were recovered, whereas vimentin and fibronectin levels were downregulated in ICSBP knockdown cells. TGF-b is a critical EMT inducer, and previously, we demonstrated that ICSBP overexpression induces TGF-b RI expression and activates TGF-b signaling pathways. 13 Therefore, we explored whether ICSBP-induced ELP is mediated by TGF-b receptor activation. Consistent with our previous report, 13 ICSBP overexpression induced both TGF-b RI and RII in U2OS cells. In addition, basal phosphorylation levels of both Smad2 and Smad3 were increased in the ICSBP cells as compared with the Mock cells (Figure 2e ). Non-Smad pathway molecules, such as extracellular signal-regulated kinase (ERK), AKT, and p38, were also activated by ICSBP. We investigated whether ICSBP regulates TGF-b receptor expression in the upstream. TGF-b receptor expression was reduced with ICSBP knockdown in ICSBP cells. However, TGF-b RI knockdown did not affect ICSBP expression (Figure 2f ). Consequently, Smad2 and Smad3 phosphorylation levels were also attenuated with si-ICSBP transfection in the ICSBP cells (Figure 2g ). These data indicate that ICSBP induces ELP and upregulates TGF-b receptor expression, with subsequent activation of TGF-b receptor pathways.
Effects of ICSBP on TGF-b receptor expression. To determine whether ICSBP increases TGF-b RI at a transcriptional level, we examined its mRNA levels by reverse transcription-PCR (RT-PCR). As shown in Figure 3a , TGF-b RI mRNA levels were upregulated in the ICSBP cells. We further examined whether TGF-b RI promoter is activated in the ICSBP cells. Mock and ICSBP cells were transiently transfected with reporter vectors, and promoter activities were deduced from quantitation of luciferase assays. Luciferase activities were increased more than twofold in the ICSBP cells compared with the Mock cells, raising the possibility that TGF-b RI promoter is activated by ICSBP (Figure 3b ). Thus, we are currently investigating whether 
ICSBP upregulates various E-cadherin repressors and
Snail enhances ELP, cell motility, and invasion. Snail, Slug, and Twist are well-known transcriptional repressors of E-cadherin. 6 TGF-b signaling induces EMT and metastasis by regulating these transcription factors. 3 To investigate the molecular mechanisms involved in ICSBP-mediated ELP and cell motility, we examined the expression levels of Snail, Slug, and Twist and found that both mRNA and protein expression levels of these molecules were upregulated in ICSBP cells (Supplementary Figure S1, Figure 5a ). siRNA knockdown of ICSBP decreased the levels of Snail, Slug, and Twist, and the downregulation of Snail was most remarkable (Figure 5b ). si-TGF-b RI did not efficiently knock down Slug and Twist molecules. However, Snail expression was decreased by si-TGF-b RI although much less than by Figure S8) . Snail expression was suppressed appreciably by SB431542, an inhibitor of the TGF-b receptor (Figure 5c ). Therefore, we tested whether Snail affects ICSBP-mediated cell attachment and spreading using electrical cell-substrate impedance sensing (ECIS). Cell attachment and spreading can be monitored in real time with the ECIS system by measuring changes in impedance evoked by cell attachment and spreading. Impedance increases as electrodes are covered with cells. Impedance was increased in ICSBP-Cont cells (ICSBP cells transfected with si-control) but remained low in si-ICSBP cells (ICSBP cells transfected with si-ICSBP) (Figure 5d ). Relatively low impedance was also recorded when Snail was knocked down in the ICSBP cells (si-Snail). However, co-transfection of a Snail expression vector and si-ICSBP (si-ICSBP þ Snail) resulted in increased impedance. These data indicate that cell attachment is enhanced in ICSBP cells and further support the results shown in Figures  4a and b . These data also suggest that Snail is important for the adhesiveness of the ICSBP cells.
To further examine whether Snail is involved in ICSBPinduced cell motility, we reduced Snail expression using si-Snail RNA and performed wound-healing assays. Woundhealing ability of ICSBP cells was decreased when Snail expression was knocked down. Co-transfection of Snail considerably recovered wound-healing ability of si-ICSBPtransfected cells (Figure 5e ). Reduction of Snail expression resulted in an increase in ZO-1, E-cadherin and a decrease in vimentin and fibronectin levels, indicating that Snail regulates EMT molecules in ICSBP cells (Figure 5f ). Next, we performed migration and invasion assays using transwell plates coated with Matrigel. ICSBP cells invaded through the Matrigel and migrated toward the lower wells. However, Mock cells showed minimal invasion and migration capabilities (Figure 6a ). ICSBP cell invasion was inhibited by knockdown of ICSBP, but co-transfection with Snail could partially recover the migration and invasion. We further evaluated whether ICSBP cells migrate through endothelial cells using the ECIS system. Impedance is decreased when the endothelial cell monolayer is retracted by trans-endothelial migration of invading cells. As shown in Figure 6b , in human umbilical vein endothelial cell (HUVEC)-only wells, high resistance was maintained. However, upon the addition of ICSBP cells to the HUVEC monolayer, impedance decreased dramatically, indicating that ICSBP cells effectively invade the HUVEC monolayer. The lowered impedance was recovered with ICSBP knockdown (si-ICSBP), resulting in similar impedance to that of Mock cells. When Snail was transfected along with si-ICSBP (si-ICSBP þ Snail), impedence declined again, indicating that Snail causes cell invasion even when ICSBP is knocked down. Next, we examined the effects of ICSBP expression in other human osteoasarcoma cell lines, Saos-2 and 143B. Stable expression of ICSBP induced EMT-like morphological changes (Figure 6c ), and Snail expression was increased by ICSBP expression (Figure 6d ) in both the cell lines. EMT-like morphology induced by ICSBP was attenuated by ICSBP knockdown, which was reversed by Snail expression in ICSBP overexpressing 143B (143B-ICSBP) cells (Figure 6e) . As for invasiveness, 143B-ICSBP cells showed better invasion ability than 143B-Mock cells. 143B-ICSBP cell invasion was blocked by si-ICSBP, which was partially recovered by Snail expression. Taken together, these results indicate that ICSBP induces ELP and increases invasiveness, which are mediated, at least in part, by Snail.
Discussion
ICSBP, also known as IRF8, is a transcriptional regulator that is known to be a tumor suppressor in hematopoietic tumors, including myeloid leukemia. 10 However, we previously have demonstrated that ICSBP enhances cell proliferation via TGF-b pathway activation in HL-60 and Jurkat leukemic cells. 13 These data indicate that ICSBP might have a tumorpromoting ability, in addition to its tumor-suppressive function, depending on the cell type or cellular context. In this study, we propose a new role for ICSBP in the regulation of metastatic properties by demonstrating that ICSBP induced ELP and enhanced cell motility and invasion in U2OS cells through activation of TGF-b and Snail signaling. We also illustrated a positive correlation between ICSBP and TGF-b RI expression as well as TGF-b RI and Snail (Supplementary Figure S7C) in human osteosarcoma tissues.
Inflammatory cytokines, including IL-1b, TNF-a, and IFN-g, are known to enhance TGF-b-induced EMT in A549 lung carcinoma cell line. 16 The combination of cytokines upregulates TGF-b RI, and siRNA suppression of TGF-b RI, Smad2, or Smad3 blocks the synergistic effect on EMT. However, molecular mechanisms underlying TGF-b receptor upregulation by this cytokine mixture have not been addressed. In our study, we observed that IFN-g induced ELP in U2OS cells. The observed ELP was inhibited by knocking down ICSBP, indicating that ICSBP is responsible for IFN-g-induced ELP induction (Figure 1 ). We also found that the addition of IFN-g enhanced TGF-b RI expression in U2OS cells and ICSBP knockdown inhibited IFN-g-induced TGF-b RI expression in U2OS cells (Supplementary Figure S2a) , indicating that ICSBP has a role in ELP regulation through TGF-b RI expression.
Although not well studied, ICSBP appears to have a role in cell migration. Bone marrow-derived dendritic cells from ICSBP À / À mice show a defect in their migratory response. 17 In addition, in bone marrow-derived macrophages from ICSBP À / À mice, disabled-2 protein (Dab-2) is upregulated and induces macrophage adhesion and spreading.
14 These studies suggest that ICSBP has a critical role in regulating dendritic cell migration and macrophage adhesion. In agreement with these results, our study illustrated that ICSBP enhanced cell adhesion, migration, and invasion in U2OS cells. Compared with Mock cells, there was an approximate 10% increase in cell growth in ICSBP cells after 24 h (Supplementary Figure S3a) . Therefore, we could rule out the possibility that ICSBP-enhanced cell motility and invasion were caused by increased cell proliferation, because enhanced motility and invasion were observed much earlier than 24 h. In addition, it seems unlikely that TGF-b receptor activation was mediated by TGF-b, because secreted amounts of TGF-b1 were comparable between the Figure S3b) . Therefore, it appears that upregulated TGF-b receptor is sufficient to activate its pathway independent of TGF-b stimulation. 18 EMT is a critical process for cancer metastasis. 3 TGF-b has a central role in EMT initiation and cancer metastasis. as Snail, Slug, Zeb, and Twist, that downregulate epithelial and upregulate mesenchymal cell markers. [20] [21] [22] [23] In the present study, we observed that ICSBP-induced ELP involves upregulation of Snail, Slug, and Twist (Supplementary Figure  S1 , Figure 5 ). Of these, Snail was highly upregulated by ICSBP and was downregulated by either ICSBP knockdown or the addition of a TGF-b receptor inhibitor. Consistent with these findings, Snail knockdown reduced wound healing in the ICSBP cells (Figure 5e ). In addition, knockdown of Snail increased ZO-1 and E-cadherin and decreased vimentin and fibronectin (Figure 5f ). These results indicate that ICSBP induces ELP and enhances cell motility through TGF-b and Snail pathways. In support of our results, a recent report demonstrated that Snail knockdown reverts TGF-b-induced EMT and cell migration in retinal pigment epithelial cells. 24 In addition to promoting cell motility, ICSBP and Snail increased the invasiveness of U2OS cells through an endothelial cell layer ( Figure 6 ). However, Snail introduction did not fully revert decreased wound healing and invasiveness resulting from ICSBP knockdown in the ICSBP cells (Figure 5e , Figure 6a ). In addition, Snail expression was weakly associated with ICSBP expression in osteosarcoma tissues (r ¼ 0.2319; P ¼ 0.0948; Supplementary Figure S7B ). These findings might be explained by the presence of additional ICSBP-regulated molecules other than Snail, working on ELP, such as Slug and Twist (Supplementary Figure S8) . Recent clinicopathological data revealed that Twist and E-cadherin are expressed in the tissues of osteosarcoma patients. 25 Twist was expressed significantly more and E-cadherin significantly less in osteosarcoma patients with metastasis, indicating that expression of both molecules might be related to the prediction of metastasis potency and poor prognosis for patients with osteosarcoma. ICSBP-induced Snail expression, ELP, and invasion were not limited to U2OS cells, because these phenomena were also observed in other osteosarcoma cell lines, Saos-2, and 143B cells ( Figure 6 ). Because we observed ICSBP-induced EMT-like morphological change and increased invasiveness in non-epithelial osteosarcoma cells, it will be interesting to explore whether this occurs in other tumor cells of mesenchymal origin.
Mock and ICSBP cells (Supplementary
Similar to our previous findings in HL 60 cells, 13 Figure S4) . To investigate which pathway is critical for ICSBP-induced cell motility, cells were treated with LY294002, U0126, and SB431542, which are inhibitors for PI3K, mitogen-activated protein kinase kinase, and TGF-b RI, respectively. SB431542 effectively blocked wound healing in ICSBP cells while blocking effect of LY294002 or U0126 was less pronounced (Supplementary Figure S4) . These results indicate that TGF-b receptor is critically involved in ICSBP-induced cell motility, and PI3K-AKT and ERK also participate in the process.
ICSBP is known to be a tumor suppressor, and its expression is reduced in multiple hematopoietic 26 and non-hematopoietic tumors. 12 Ectopic expression of ICSBP in silenced tumor cells strongly inhibited their clonogenicity, suggesting that ICSBP is a functional tumor-suppressor gene. 12 In addition, ICSBP expression has been associated with increased cell death. 11 However, ICSBP expression did not cause cell death (data not shown) but increased cell proliferation in U2OS osteosarcoma cells (Supplementary Figure S3A) . Surprisingly, ICSBP expression induced notable changes in U2OS cell morphology resembling EMT. Therefore, we focused on the role of ICSBP in the regulation of ELP and cell motility.
Lack of ICSBP transcripts and epigenetic inactivation of ICSBP have been reported in hematopoietic and nonhematopoietic tumors, respectively. 26, 12 Promoter methylation of ICSBP was detected in 100% of nasopharyngeal, 88% of esophageal, and 18-78% of other multiple carcinoma cell lines. However, lack of ICSBP transcripts was neither demonstrated in 21-34% of myeloid leukemia, 100% of chronic lymphocytic leukemia, and 64% of acute lymphoblastic leukemia patient samples 26 nor in 82% of gastric and almost 100% of hepatocellular carcinoma cell lines. 12 We found that ICSBP was expressed in 83% of our human osteosarcoma tissues (Figure 3d ). These results suggest that at least in osteosarcoma ICSBP is not a tumor suppressor.
In conclusion, our data suggest a model in which ICSBP augments TGF-b signaling and the expression of EMT-related transcription factors, including Snail, causing changes in ZO-1, fibronectin, and vimentin levels. These changes result in ELP, increased cell motility, and invasion (Supplementary Figure  S8) . Although ICSBP is largely known as a tumor suppressor, its expression could confer properties related to metastasis, including an EMT-like phenotype and increase in adhesiveness, motility, and invasiveness, through an activation of TGF-b and Snail signaling.
Materials and Methods
Cell culture, antibodies, and reagents. The U2OS, Saos-2 and 143B human osteosarcoma cell lines were obtained from American Type Culture Collection (Rockville, MD, USA) and maintained in RPMI 1640 media (Gibco Life Technologies, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS). HUVECs were purchased from Invitrogen (Carlsbad, CA, USA) and maintained in Medium 200 from Gibco Life Technologies supplemented with low serum growth supplement. The antibodies and reagents used are listed in the Supplementary Table S1 and Supplementary Materials and Methods. Human Snail expression vectors were purchased from Addgene (Cambridge, MA, USA).
Establishment of ICSBP-overexpressing osteosarcoma cells.
Human ICSBP cDNA (clone MGC: 161525) was amplified by PCR using the primers listed in Supplementary Table S2 . Preparation and transfection of ICSBP constructs into osteosarcoma cells are described in the Supplementary Materials and Methods.
RT-PCR. Total RNA was extracted from U2OS cells using Trizol reagent (Invitrogen) according to the manufacturer's instructions. cDNA was synthesized using the Maximum RT preMix Kit (iNtRON Biotechnology, Seoul, Korea). Each reaction was performed in a thermal cycler for 60 min at 45 1C. Further PCR procedure is detailed in the Supplementary Materials and Methods.
Reporter assay. TGF-b RI promoter activity of Mock-or ICSBP-transfected U2OS cells was analyzed using a luciferase reporter system as described in the Supplementary Materials and Methods.
Immunohistochemical staining for osteosarcoma tissue microarray. Osteosarcoma tissue arrays were obtained from Superbiochips Laboratories (Seoul, Korea) that has been described previously. 27 Each array contained 60 sections obtained from 60 patients by biopsy or surgical resection. Tissue microarray was stained using an immunoperoxidase detection technique and scored as described in the Supplementary Materials and Methods.
Cell attachment assays. Cell attachment assays were performed using ECIS. ECIS (Applied Biophysics, Troy, NY, USA) is a non-invasive means of measuring electrical resistance across a cultured cell monolayer in real time. It has been used for continuous measurement of cell micro-motion, attachment, spreading, and growth. 28 ICSBP cells were plated at 2.0 Â 10 4 /100 ml/well in a 96-well plate that had gold-film electrodes at the bottom and incubated in the humidified incubator (37 1C, 5% CO 2 ). Impedance is increased when the surface coverage of electrodes increases owing to cell attachment and spreading. Impedance was monitored immediately after seeding. Cell attachment was measured at 4 kHz frequency with 300-s intervals for 8 h.
Cell adhesion and invasion assays using ECIS. For cell adhesion assay, 2.0 Â 10 4 cells/well were plated, and impedance change was monitored immediately after seeding. For invasion assay, HUVECs were plated (5.0 Â 10 4 cells/ well), and impedance was measured. When impedance reached a plateau, HUVECs were challenged with either U2OS Mock-transfectants or ICSBP-transfectants (4.0 Â 10 4 cells) in fresh HUVEC media, and the challenged endothelial cell layer impedance was monitored for 24 h. Triplicate wells were used for each experiment.
Immunoblot analyses. Total cellular proteins were fractionated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride membranes. After incubation with primary followed by secondary antibody, transferred proteins were visualized utilizing enhanced chemiluminescence system. The details of procedure are described in the Supplementary Materials and Methods.
RNA interference. siRNAs specific for human ICSBP, TGF-b RI, or Snail were purchased from Dharmacon (Lafayette, CO, USA). U2OS Mock or ICSBP stable transfectants were transiently transfected with ICSBP-, TGF-b RI-, or Snail-specific siRNAs using Lipofectamine 2000 (Invitrogen) as described by the manufacturer. ICSBP cells transfected with pooled non-specific siRNA duplexes (100 nM; Dharmacon) were used as a control. The cells were analyzed 24 h posttransfection.
Immunofluorescence and confocal microscopy imaging. Localization of ICSBP expression was determined by obtaining merged images of ICSBP-stained cells with those of DAPI-or phalloidine-Texas red-stained cells as described in the Supplementary Materials and Methods.
Live cell imaging. Live cell imaging of Mock or ICSBP cells were performed using a Zeiss inverted microscope (Carl Zeiss Microscopy, Gottingen, Germany). The cells were plated in a six-well plate and incubated for 24 h at 37 1C with CO 2 supply. The cell image was traced immediately after plating with a cameraequipped microscope (Carl Zeiss Microscopy).
Wound-healing assay. Mock and ICSBP cells were plated in a six-well culture plate. Cell monolayers were wounded by scratching with sterile micropipette tips, and images were captured using a phase-contrast microscopy immediately (0 h) and 12 h after wounding. Gap distance was defined as an average value of measured distances between wounded margins at three randomly chosen points.
Transwell migration assays. Cells were plated at 2.0 Â 10 4 /100 ml/well in 48-transwell plates (Corning, New York, NY, USA). The upper chamber was covered with Matrigel (1:3 dilution in RPMI media; BD, San Jose, CA, USA) and the lower chamber contained media supplemented with 20% FBS. After incubation for 24 h, the cells on the upper side of membrane were removed and those that adhered to the underside of membrane were fixed with ice-cold methanol and stained with crystal violet (Sigma, St. Louis, MO, USA). Cells on the underside of Matrigel were counted. Degree of invasion was denoted by the percentage of the number of indicated cells relative to that of Mock cells transfected with si-control.
Statistical analysis. Comparison between two groups was performed using Student's t-test. Correlation between two variables was tested by Pearson's correlation method. Statistical significance was defined as P value o0.05. 
